In animals, hybrid sterility and inviability between closely related species often affect only the heterogametic sex (XY). This widespread phenomenon, known as Haldane's rule, is an early speciation event found across broad taxa, but the role of heterogametic hybrid incompatibilities, as opposed to homogametic ones, as a barrier in a speciation process remains obscure. It has been hypothesized that heterogametic incompatibility may be a more efficient mechanism in driving speciation. The population dynamics after (rather than before) the occurrence of sex-biased incompatibilities may account for Haldane's rule. In this study, a recursion model of hybrid zones was developed to investigate the differences between heterogametic and homogametic incompatibilities. The selection strengths and selection patterns of sex chromosome-linked, two-locus BatesonDobzhansky-Muller (BDM) genetic incompatibilities were examined. It is noted that a sex-biased hybrid incompatibility in a hybrid zone confers asymmetric and uneven impedance to gene flow. The clines of different loci in such a hybrid zone displayed diverse differentiation in their width, steepness and asymmetry. Alleles involved in the incompatibility face much stronger resistance to cross a hybrid zone. Different sexbiased BDM incompatibilities also affect the flow of neutral alleles differently. Compared to a homogametic one, heterogametic incompatibility is a weaker but more asymmetric barrier. These unique patterns of gene flow may explain uneven divergence among different genomic regions during speciation between some closely related species.
Introduction
In animals, when the F 1 hybrid of a particular gender between closely related species is sterile or inviable, it is almost always the heterogametic sex (Haldane, 1922) . This generalization, known as Haldane's rule, applies to both male heterogametic (XY or XO, as in mammals and some insects) and female heterogametic (ZW, as in birds and lepidopterans) species (Coyne and Orr, 1989; Wu and Davis, 1993; Laurie, 1997) . Clearly, Haldane's rule is a phenomenon that is associated with the heterogametic genotype in which the sex chromosome-linked alleles are hemizygous. The mechanism underlying this association has been a puzzling problem. Numerous attempts have been made in searching for a general genetic basis for Haldane's rule, but none of the mechanisms identified could explain the generality of the rule. Without a plausible general genetic basis, 'the composite notion' was proposed, which subdivides Haldane's rule and employs various explanations for the different divisions (Wu and Davis, 1993; Orr, 1993a ). Haldane's rule now appears to be a 'solved' problem under the composite notion (see Turelli, 1998) .
We view Haldane's rule from a different perspective. Studies so far have mainly focused on how heterogametic hybrid incompatibilities arise and whether or not they do occur more often than homogametic ones. Little attention has been paid to the role of heterogametic incompatibilities (as opposed to rarely found homogametic incompatibilities) as a driving force of speciation, namely, its effects on gene flow as isolating barriers (Wang, 2003) . We ask how a sex-biased hybrid incompatibility affects gene flow and genetic divergence, after it arises. Provided that a heterogametic incompatibility had the same rate of occurrence during evolution as that of a homogametic one, would population dynamics make the heterogametic incompatibility more visible or more preserved?
Decades of explorations have demonstrated that heterogametic F 1 hybrid inferiority can be caused by various forms of genetic incompatibilities. These include chromosomal rearrangements of the sex chromosomes (Haldane, 1932) , X-linked recessive defects (the dominance theory; see Dobzhansky, 1937; Muller, 1940 Muller, , 1942 Orr, 1993b; Turelli and Orr, 1995, 2000) , dosage compensation (Cline and Meyer, 1996) , X-Y incompatibilities (Muller, 1942; White, 1945; Heikkinen and Lumme, 1998) , Y-autosomal incompatibilities (Pantazidis and Zouros, 1988; Pantazidis et al., 1993; Heikkinen and Lumme, 1998) and meiotic drive (Frank, 1991; Hurst and Pomiankowski, 1991) . All these mechanisms have little in common, except that they are always sex chromosome-linked and only affect hybrids of the heterogametic sex (see reviews of Coyne and Orr, 1989; Laurie, 1997) . Also, they all operate as epistatic BatesonDobzhansky-Muller (BDM) incompatibilities-the involved alleles are incompatible with each other when coexisting in hybrids but fully fit in the respective parental genomes.
Previously, Wang (2003) developed an introgression model to examine such sex-biased BDM isolation in allopatry. It was revealed that the ability of sex-biased hybrid incompatibilities to impede gene flow varies according to the sex affected and the chromosome involved. Heterogametic and homogametic hybrid incompatibilities are not equivalent isolating barriers. Heterogametic incompatibility displays differential strength on introgression of different alleles. Heterogametic incompatibility confers stronger asymmetric introgression and is a more diverse and, perhaps, a more efficient isolating mechanism against introgression (Wang, 2003) . However, it is difficult to test the introgression model in empirical investigations. This model does not apply to the parapatric system, which is an active area for both theoretical and empirical studies.
In parapatry, two populations are in direct contact and a boundary hybrid zone is present. Studying sex-biased BDM incompatibilities in the scenarios of parapatry may help fill the gaps between theories and empirical studies. The dynamics of gene flow in tension zones, namely a hybrid zone under genetic selection, is mainly determined by the strength of genetic selection and dispersal (Barton and Bengtsson, 1986) . The existing theoretical framework of tension zone study has been mainly developed to address nonsex-related barriers. They are founded on the Hardy-Weinberg equation, which assumes equal passage of alleles from both sexes between generations (Endler, 1973; Slatkin, 1973; Nagylaki, 1975; Barton, 1979 Barton, , 1986 Gavrilets, 1997) . These models are not applicable to cases with sex-biased hybrid incompatibilities. An analysis of the genetic dynamics in a tension zone maintained by sex-biased BDM type postzygotic isolation may thus provide novel insights into the mechanism of speciation and facilitate empirical studies.
In this study, a generation-by-generation recursion model was developed to evaluate the strength of sexbiased hybrid incompatibilities in impeding gene flow across a hybrid zone. We modeled a two-locus BDM incompatibility that is linked to at least one sexchromosomal allele. We have two purposes. The first is to define the properties of a sex-biased BDM incompatibility as a barrier in tension zones. The sex-biased and sex chromosome-linked BDM incompatibilities have not been addressed by existing hybrid zone models (Endler, 1973; Slatkin, 1973; Nagylaki, 1975; Barton, 1979 Barton, , 1986 Gavrilets, 1997) . We hope to delineate how such genetic selection could shape tension zone structures and dynamics. Our second purpose is to identify the unique characteristics of heterogametic incompatibilities in a tension zone as opposed to homogametic ones. Such characteristics may provide insights into the hybrid zone dynamics and help explain the mechanism underlying Haldane's rule (Wang, 2003) . Genetic load, allele frequencies and departure of genotype distributions from the Hardy-Weinberg equilibrium across a tension zone were examined. The analysis starts from modeling a simplified, static hybridizing deme that only receives inputs once, to show the intrinsic selection of sex-biased BDM isolation. The model is then extended to more dynamic scenarios, that is, hybrid zones maintained by a sex-biased BDM incompatibility, and long-or shortrange dispersal.
Model
Sex-biased inferiority, which is caused by a two-locus BDM incompatibility, was mainly considered. Briefly, two closely related diploid populations (conspecific populations, H 1 and H 2 in the text) derived from a common ancestor evolve a genetic incompatibility between one allele from H 1 and another allele from H 2 that causes sterility or inviability in one sex. The incompatible alleles are located on different chromosomes. All other alleles are neutral in fitness and fully compatible with each other, except for the ones involved in an incompatibility. Thus, hybrids of the affected sex carrying the incompatible genotype are unfit and will be eliminated, but all other progeny are equally fit. The unaffected progeny are subject to further segregation and random mating in later generations.
It was assumed that in a closed habitat or independent niche, individuals from two diverging populations, H 1 and H 2 , mix to form an independent deme. Random mating, discrete/nonoverlapping generations and the passage of alleles into the next generation at their probabilities were assumed. In this model, five independently localized loci each with two alleles are considered, denoted X 1 /X 2 , Y 1 /Y 2 , A 1 /A 2 , B 1 /B 2 and C 1 /C 2 from either H 1 or H 2 , in which X or Y represents an X or Y chromosome-linked locus, and A, B or C is an autosomal locus. The genotypes of individuals from H 1 are X 1 X 1 A 1 A 1 B 1 B 1 C 1 C 1 for females and X 1 Y 1 A 1 A 1 B 1 B 1 C 1 C 1 for males; from H 2 the genotypes are X 2 X 2 A 2 A 2 B 2 B 2 C 2 C 2 for females and X 2 Y 2 A 2 A 2 B 2 B 2 C 2 C 2 for males. All these genotypes are expressed as X i X j A k A l B m B n C o C p for females and X i Y j A k A l B m B n C o C p for males, where i, j, k, l, m, n, o or p is either 1 or 2. Therefore, there are 2 8 ¼ 256 possible genotypic combinations of offspring for each sex (bear in mind that not all these combinations represent independent genotypes). The genotypic combinations and their probabilities can be calculated accordingly. For instance, the genotypes (and their probabilities) of male offspring in the first generation of equal mixing are
We consider multigenerational effects in the model. When a BDM incompatibility arises between two parapatric populations, admixture of migrants in a hybridizing deme would lead to the production of inferior hybrid offspring in multiple generations. Such a multigenerational effect is a default property of BDM type isolation and its presence in cases following Haldane's rule has been confirmed (Wu and Davis, 1993) .
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The probability of a genotype of a sperm or an egg in any generation t can be computed by where q, r, s, t, u, v, w or z equals 1 or 2 and l is the dispersal rate, which ranges from 0 to 0.5. C, D and E are the coefficients (Tables 1 and 2 ) for producing sperms with X, sperms with Y and eggs, respectively, from a mature individual of either sex with certain genotypes. The N (t) is the deme size and N 0 is the size of the founding deme at generation 0. It is obvious that N (t) pN 0 because only deleterious selection is considered in the model. Accordingly, the probability of a given genotype in generation t in a hybridizing deme is the combination of that of a sperm and an egg, stands for the probability of a genotype X q X r A s A t B u B v C w C z or X q Y r A s A t B u B v C w C z in females or males, respectively, in generation t.
Equations (1)- (5) can be used to calculate the probabilities of gametes and offspring of each genotype in any generation with (l40) or without dispersal (l ¼ 0). For instance, for sperm or egg with genotype X 1 A 1 C 1 in generation t, it is, respectively, Table 1 Genotypic coefficients (C or D) for producing sperms
C XrA t BvCz ðj; k; l; m; n; o; pÞ (i ¼ r) D YrA t BvCz ði; k; l; m; n; o; pÞ (j ¼ r)
½C XrAtBvCz ðj; k; l; m; n; o; pÞðð1 À lÞN ðtÞ p
½E XqAsBuCw ði; j; k; l; m; n; o; pÞðð1 À lÞN ðtÞ p
½E X q A s B u C w ði; j; k; l; m; n; o; pÞðð1 À lÞN ðtÞ p
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Similarly, the probability of the genotype of
In a hybrid zone, when individuals from both populations mix to form an interbreeding deme, the BDM incompatibility will be expressed and incompatible alleles constitute genetic load. Genetic load in this scenario is different from a scenario in which each allele is under direct selection independently. To evaluate such fitness effects or barrier strength of a BDM incompatibility, modified definitions of deme fitness (W (t) ) and genetic load (L (t) ) are adopted here. The W (t) is defined as the deme size in generation t divided by the size of the founding deme (
is the total amount of inferior offspring produced up to generation t divided by the size of the founding deme. In other words, the L (t) is the eliminated fraction of a closed deme (because of incompatibility) within generation t divided by the size of an otherwise equivalent deme unaffected by incompatibility. The genetic load used here takes account of accumulative effects over multiple generations and is different from the barrier strength considered by Bengtsson (1985) , Barton and Bengtsson (1986) and Gavrilets (1997) that only considers F 1 hybrids.
With these assumptions, the probability of any genotype in generation t can be computed.
In generation t, the mean fitness loss from generation (tÀ1) to t is
where Dp (t) represents the probability of inferior offspring. For instance, in the case of an X r A s heterogametic incompatibility, the probability of inferior offspring in generation t is ) of a deme in generation t is
In each generation, after elimination of the inferior genotypes, the relative frequencies of other genotypes will change accordingly and will have to be normalized. For instance, in the case of an X r A s heterogametic incompatibility with dispersal, the probability of sperm containing X r (Equation (1)) can be computed using the following equation:
½C X r A t B v C z ðj; k; l; m; n; o; pÞðð1 À lÞN ðtÞ p ðtÞ 
The frequency of an allele is the sum of all gametes containing that allele. For instance, the frequency of X r in the mixed deme in generation t in the presence of X r A s incompatibility is the sum of all gametes containing an X r allele, where C and E are the coefficients of different genotypes of both sexes and are given in Tables 1 and 2 .
The calculation and graphics used in the figures were generated with MATLAB (The MathWorks Inc., Novi, MI, USA).
Results
To delineate the differentiation between heterogametic and homogametic hybrid incompatibilities, we first examine hybridizing demes where migrants from both parental populations mix once and then evolve independently with zero input. The genetic dynamics of such a closed deme is determined only by the genetic structure and represents the intrinsic strength of an incompatibility. In the later part of the paper, such demes will be placed in the context of hybrid zones and dispersal will be considered. Because X chromosome-autosome (X-A) incompatibilities are the most prevalent form of sexbiased postzygotic isolation (Coyne and Orr, 1989; Wu and Davis, 1993; Laurie, 1997; Heikkinen and Lumme, 1998) , we begin with X-A incompatibilities. In this comparison, the genetic compositions of the compared scenarios are the same, except for the sex affected. The analysis will be extended to other forms of two-locus incompatibilities, that is, X-Y, Y-autosomal, X-X, autosomal-autosomal incompatibilities, and compound sexbiased incompatibilities.
To demonstrate the intrinsic selection strength of a unidirectional X-A heterogametic incompatibility and homogametic incompatibility, we first examined the genetic load (L) (Figure 1a) in a deme where H 1 and H 2 are equally mixed (Equation (8)). Here, L is an indicator to show how much a BDM incompatibility alone can affect fitness or the barrier strength (Barton, 1980 (Barton, , 1986 Bengtsson, 1985) . Figure 1a shows L under a unidirectional, sex-biased hybrid X 1 A 2 incompatibility. The comparison indicates that the L of an equally mixed deme is equilibrated at 0.867 when the heterogametic sex is affected and at 0.982 when the homogametic sex bidirectional sex-biased incompatibilities in which LE0.999621 for a compound heterogametic incompatibility and LE0.999889 for a compound homogametic incompatibility. ht incomp, heterogametic incompatibility; ho incomp, homogametic incompatibility.
½C XrAtBvCz ðj; k; l; m; n; o; pÞðð1 À lÞN ðtÞ Á p
½E XrAsBuCw ði; j; k; l; m; n; o; pÞ Á p
E XrAsBuCw ði; j; k; l; m; n; o; pÞðð1 À lÞN ðtÞ Á p
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is affected (Figure 1a) . Obviously, unidirectional X-A heterogametic incompatibility is a much weaker selection than a homogametic one. In the case of compound (X 1 A 2 þ X 2 B 1 ) bidirectional incompatibilities when A 2 and B 1 are localized on different autosomes and H 1 and H 2 are equally mixed, the equilibrated L approaches 1.000 under the condition of either heterogametic or homogametic incompatibilities (Figure 1b ). Heterogametic and homogametic incompatibilities also display differential influences on allele frequencies in such an enclosed deme. The allele frequencies are the functions of fitness (W (t) ) and time (generation t) (Equation (10)). Figure 2 shows the allele frequencies in such a static admixture deme in generation t in the presence of a unidirectional, sex-biased hybrid X 1 A 2 incompatibility. In this scenario, P X1 , the frequency of the incompatible allele X 1 , is rapidly reduced to zero in both heterogametic and homogametic incompatibilities ( Figure 2a ). P A1 , the frequency of the compatible allele at the A locus (here, the incompatible allele is A 2 ), reaches equilibrium at 0.67 when the heterogametic sex is affected and 0.80 when the homogametic sex is affected ( Figure 2c ). P C1 , the frequency of the neutral, autosomal allele C 1 that is not related to a genetic incompatibility, equilibrates at 0.493 when the heterogametic sex is affected and 0.476 when the homogametic sex is affected (Figure 2d) . Here, the B locus is not involved in incompatibility and behaves the same as 'C' at the moment. With the exception of the Y locus (Figure 2b ) that is not selected under a homogametic incompatibility, the frequencies of all alleles in the deme shift away from their initial ratio of 0.5:0.5. The establishment of equilibrium of allele frequencies in a closed deme under a sex-biased incompatibility takes several generations.
We then consider a chain of static demes, each of which receives initial contributions from two parental populations with an H 1 :H 2 ratio gradually changing from 1:0 to 0:1, again with zero dispersal in the following generations. As shown in Figure 3 , L distributions (an indicator of intrinsic strength of genetic selection) in these demes display obvious asymmetry. An X 1 A 2 heterogametic incompatibility is a more polarizing and a much weaker barrier (Figure 3 ). Changes in allele frequencies across these demes again show differences between heterogametic and homogametic incompatibilities. Figure 4a shows the plots of allele frequencies in a chain of demes. Here, a straight, diagonal distribution of allele frequency suggests that a locus is not directly selected against by the incompatibility, as shown by the straight diagonal distributions of P Y1 in Figures 4a and b . However, an 'S'-shaped distribution would suggest stronger selection. A distribution that passes the geometric center of each plot would suggest symmetric selection.
Using a static admixture model, intrinsic differences between heterogametic and homogametic genetic selection are demonstrated. If one puts such a chain of demes in a hybrid zone and considers dispersal, this model can be used to analyze the hybrid zone dynamics. We consider here both long-range (see Asmussen et al., 1989; Orive and Barton, 2002 ) and short-range dispersal (Endler, 1973; Orive and Barton, 2002) . For long-range dispersal, the hybrid zone consists of 10 demes and each deme receives inputs proportional to its relative distance from either parental population. It is assumed that, in every generation, each deme loses 1% of its offspring to migration and, at the same time, receives inputs from both parental populations equal to 1% of the deme's maximum size. For short-range dispersal, we adopt the stepping stone model (Endler, 1973) , in which migrations occur only between adjacent demes. The hybrid zone consists of 10 demes. In every generation, each deme Figure 4 The distribution of allele frequencies (P) across a zone that consists of a chain of 10 demes in the presence of unidirectional X 1 A 2 sexbiased hybrid incompatibility. (a) A scenario with zero dispersal; here, demes receive parental contributions once, H 1 :H 2 gradually changes from 1:0 to 0:1. (b) A scenario with long-range dispersal at a rate l ¼ 0.01. In each generation, each deme receives inputs from both parental populations equal to 1% of the deme's maximum size and, at the same time, loses 1% of its offspring to migration. (c) A scenario with shortrange dispersal at a rate l ¼ 0.4. Each deme receives 20% of migrants from the adjacent deme on each side and loses 40% of the individuals to the adjacent demes (20% on each side). Here, B locus is not involved in the incompatibility and thus B 1 would behave like the C 1 allele. ht incomp, heterogametic incompatibility; ho incomp, homogametic incompatibility. It can be seen that the spatial patterns of the clines of different loci differ from each other. X and A clines are narrower than that of a neutral 'C', the part of the genome not under direct selection and the representation of overall selection strength. A unidirectional X 1 A 2 incompatibility is a characteristic asymmetrical mechanism, with the X cline moving toward H 1 and the 'A' cline moving toward H 2 . The P C1 value under a heterogametic X 1 A 2 incompatibility displays a relatively more diagonal distribution (Figure 4) , suggesting that the heterogametic X 1 A 2 incompatibility is a weaker barrier than a homogametic one. A sex-biased incompatibility in a hybrid zone with 1% long-range dispersal appears to be a poor barrier. All allele frequencies in this scenario show more diagonal distributions (Figure 4b ), compared with those in the scenario of 40% short-range dispersal (Figure 4c ). Such a trend of diagonal distributions is more obvious, when long-range dispersal is larger at 10% (data not shown). It is also noteworthy that the trends of allele frequencies are similar in all three scenarios of dispersal, except for relative width and steepness of each cline. The trend of differentiation between heterogametic and homogametic incompatibilities is also the same. Understandably, the time required to establish equilibrium is longer in cases with dispersal. This analysis indicates that the case with zero dispersal is a good representation of the differentiations between heterogametic and homogametic incompatibilities.
The same analysis with zero dispersal was also applied to other sex-biased incompatibilities, that is, the X-Y heterogametic incompatibilities, Y-A heterogametic incompatibilities' X-X homogametic incompatibility, autosomal-autosomal (A-B, where A and B are unlinked independent autosomal loci) heterogametic incompatibility, and autosomal-autosomal (A-B) homogametic incompatibility. Figure 5 shows the P C1 distributions in the static model, representing the intrinsic selection strength of these barriers against neutral gene flow. Again, all the unidirectional, sex chromosomelinked and sex-biased hybrid incompatibilities exhibit differential strengths and patterns of selection. The heterogametic X-Y and Y-A incompatibilities are much milder mechanisms (Figure 5a) , as is the heterogametic X 1 A 2 incompatibility (Figure 4a ), in which P C1 exhibits a more diagonal distribution. Interestingly, unidirectional, heterogametic A-B and homogametic A-B incompatibilities exhibit an identical P C1 distribution (Figure 5b ) and both of them are stronger isolating barriers than heterogametic incompatibilities linked to a sex chromosome.
The compound X 1 A 2 þ X 2 B 1 bidirectional incompatibilities were analyzed, in which A and B are independent/unlinked autosomal loci. Hybridization of both directions causes inferiority in either the heterogametic or homogametic sex. Such compound heterogametic incompatibilities are often found in instances of Haldane's rule. Analysis indicates that both compound heterogametic and homogametic incompatibilities are stronger isolation. The compound heterogametic incompatibility (X 1 A 2 þ X 2 B 1 ) is somewhat a wider and stronger barrier against gene flow across a hybrid zone (Figure 3c ). In an equal admixture (H 1 :H 2 ¼ 1:1), the equilibrated L approaches 1.000 under the condition of either heterogametic or homogametic incompatibilities (Figures 1b and 3c) . The difference between unidirectional and bidirectional heterogametic incompatibilities (LE0.867 vs LE1.000) is larger than that between homogametic incompatibilities (LE0.982 vs LE1.000; Figures 1b and 3c ) when the contributions from the parental populations are at a 0.5:0.5 ratio. A stronger selection of compound heterogametic incompatibilities and a larger stepwise increase from unidirectional to compound bidirectional heterogametic incompatibilities are consistent with what was found in the introgression model (Wang, 2003) .
If one looks at the allele frequencies in a chain of demes with gradually changing parental contributions from 0:1 to 1:0, both compound bidirectional incompatibilities are less polarizing barriers in which only A and B loci are under asymmetrical selection (Figure 6 ). The X cline under the compound bidirectional incompatibilities is extremely narrow, which is the only locus where heterogametic and homogametic incompatibilities To assess how a sex-biased hybrid incompatibility can influence genotype distributions, we compared the frequencies of representative genotypes in a hybrid zone with those predicted by the Hardy-Weinberg equilibrium. Figure 7 presents X 1 X 2 , A 1 A 2 and C 1 C 2 frequencies in a hybrid zone maintained by an X 1 A 2 heterogametic incompatibility and short-range dispersal (l ¼ 0.4). For comparison, genotype distributions predicted by the Hardy-Weinberg equation are also plotted in Figure 7 (based on frequencies shown in Figure 4c ). It was found that all three genotypes show deviation from the Hardy-Weinberg predictions in a hybrid zone maintained by an X 1 A 2 heterogametic incompatibility. The A 1 A 2 hybrids show the largest departure. A much smaller fraction of A 1 A 2 hybrids was found in the center of such a hybrid zone than the Hardy-Weinberg prediction. Distributions of X 1 X 2 and C 1 C 2 show very small shifts from the Hardy-Weinberg expectations. In Figures 7a and c , their distributions almost overlap because the scales used are too large to show the differences. It will be interesting to see whether such distribution patterns are followed in natural hybrid Figure 6 The distribution of allele frequencies (P) across a hybrid zone that consists of a chain of demes with gradually changing H 1 :H 2 contributions ranging from 1:0 to 0:1 in the presence of compound bidirectional X 1 A 2 þ X 2 B 1 sex-biased hybrid incompatibility. ht incomp, heterogametic incompatibility; ho incomp, homogametic incompatibility. (4) and (5) are used to calculate the genotype distributions. 'X 1 X 2 HWE', 'A 1 A 2 HWE', and 'C 1 C 2 HWE' are the genotype distributions predicted by the Hardy-Weinberg equation using the allele frequencies shown in Figure 4c .
Differential barrier strength R-X Wang and Y-L Zhao zones. In a scenario when an X 1 A 2 heterogametic incompatibility indeed acts as a main force in maintaining a hybrid zone, one could expect a similar distribution of these three genotype frequencies. Such empirical tests will help assess the contribution of heterogametic incompatibility to population dynamics and also the feasibility of the current model.
